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REMARKS 

Favorable reconsideration is respectfully requested in view of the foregoing amendments 
and the following remarks. 

I. CLAIM STATUS AND AMENDMENTS 

Claims 10-13 and 21-27 were pending in this application when last examined. 

Claims 10-13 and 21-27 were examined on the merits and stand rejected. 

Claims 10-13 and 21 were amended to limit of the compound represented by the 
formula (I) to "lower alkyl-C(0)NR^R'^ , and X to an oxygen atom. Support for these 
amendments can be found in Examples 18-20 of the specification as filed and in the claims as 
filed. 

Claim 28 is newly added. Support for this claim can be found throughout the 
specification as filed, for example on page 18, lines 3-9. 
No new matter has been added, 

II. ENABLEMENT REJECTION 

On pages 3-5, claims 21-27 were rejected under 35 U.S.C. § 1 12, first paragraph, as 
failing to comply with the enablement requirement. 

In particular, the Office rejected claims 21-27 because "The correlation between the 
activity disclosed in the specification and the treatment of sleep disorders is absent". 

Applicants respectfully traverse this rejection as applied to the amended claims. The 
specification directly and clearly describes that the compound of the amended claims can treat 
sleep disorders. To be specific, in Experimental Examples 3-5, the test resuhs of "Phase Shift of 
Circadian Rhythm by the ORL-1 Receptor Agonist Under a Constant Dark Condition", 
"Antagonistic Action of the ORL-1 Receptor Antagonist on the Phase Advancement by the 
ORL-1 Receptor Agonist" and "Action of the ORL-1 Receptor Agonist on Re-Entrainment of a 
Light-Dark Cycle" are respectively described, which demonstrate the effectiveness of compound 
C (wherein Rl in formula (I) is lower alkyl-C(0)NR3R4) of the present invention in the tests 
using a sleep disorder treatment model. Given these test results, a skilled artisan can easily 
imderstand that the compound of the present invention can treat sleep disorders without undue 
experimentation. 
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Therefore, this rejection is untenable and should be withdrawn. 
III. OBVIOUSNESS REJECTION 

On pages 6-20, claims 10-14 were rejected under 35 U.S.C. § 103(a) as obvious over Ito 
et al. (WO 9936421) and Tulshian et al. (WO 2000006545) in view of Goehring et al. (US 
6,635,653) or Hashiba et al. or Rover et al. or Adam et al. (US 6,1 13,527) or Wichmann et al. 

In particular, the Office indicates that claims 10-14 are rendered obvious since Ito et al. 
and Tulshian et al. teach an ORL-1 receptor agonist having a l-piperidin-4-yl-2-benzimidazolone 
skeleton, and 5 references including Goehring et al. and the like teach that a compound having an 
Acenaphthene structure has a high ORL-1 receptor agonist action and selectivity, and there is a 
motivation to combine them. 

1) A skilled Artisan would not be motivated to arrive at the claimed invention. 

While Goehring et al. and Adam et al. describe that a compound having an Acenaphthene 
structure has high ORL-1 receptor affinity, they provide no description as to the selectivity when 
compared to \i receptor affinity, and therefore, those skilled in the art given these references 
would not be motivated to combine an Acenaphthene structure and l-piperidin-4-yl-2- 
benzimidazolone skeleton to increase the selectivity. 

Hashiba et al., Roever, Stephan et al. and Wichmaim et al. all report on a single 
compound Ro 65-6570. However, Hashiba et al. describes, "the selectivity of this compound is 
not great, especially when compared to the ji receptor (five fold) . . . Ro 65-6570 is in fact a 
racemic mixture with the (R) isomer having slightly increased (16-fold) selectivity" (page 30, 
lines 1 1-5 from the bottom), and "Ro 64-6198 has a high ORL-1 receptor affinity and a high 
selectivity (120-fold over \i receptor affinity)" (page 31, lines 1-4). As shown in the formula 
below, Ro 65-6570 and Ro 64-6198 have almost the same structure, the sole difference being the 
presence or absence of an Acenaphthene structure. As such, a skilled artisan, given the 
description, would not be motivated to create an Acenaphthene structure with l-piperidin-4-yl-2- 
benzimidazolone skeleton in order to create and compound with high ORL-1 receptor affinity 
and high selectivity. 
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From the foregoing, it is self-evident that none of the cited references disclosing the 
Acenaphthene structure provides motivation to combine an Acenaphthene structure with 1- 
piperidin-4-yl-2-benzimidazolone skeleton to arrive at the claimed invention . 

2) The claimed compound has unexpected results. 

As described in the Declaration submitted December 26, 2007, compound C of the 
present invention has a Ki of ORL-1 receptor of 0.2 rmiol/L, Ki of [i receptor of 76 nmol/L. 
Thus, the selectivity is 380-foid. As compared to the 16-fold selectivity of the above-mentioned 
Ro 65-6570, compound C has an vmexpected and far higher selectivity, not taught or suggested 
by the cited art. 

Ro 64-6198, considered to have high selectivity, is reported in a reference to have a 120- 
fold selectivity. In the Declaration noted above, however, Ro 64-6198 and Compound C of the 
present invention were tested alongside, and the selectivity of Ro 64-6198 was 37-fold (Ki of 
ORL-1 receptor: 0.9 nmol/L; Ki of |i receptor: 33 nmol/L). Accordingly, the 380-fold selectivity 
of Compound C is markedly higher than that of Ro 64-6198. 

Since the affinity for fx receptor causes a side effect of "dependence", such superior 
selectivity allows the claimed compound to be a safe therapeutic agent for sleep disorders. 

Furthermore, when a selectivity for the affinity for \i receptor remains, the inherent action 
of ORL-1 receptor agonist is not developed. Please see the Abstract (particularly lines 16-18) of 
"Effect of novel nociceptin/orphanin FQ-NOP receptor ligands on ethanol drinking in alcohol- 
preferring msP rats". Peptides 27 (2006) 3299-3306 (copy attached to this reply), wherein it is 
described that Ro 64-6198 increased alcohol drinking due to a slight affinity for receptor. 
Thus, a skilled artisan would not expect the higher selectivity of the claimed compounds based 
on the cited art. 
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For the above-noted reasons, Applicants respectfully suggest that the cited references fail 
to teach or suggest, either alone or in combination, the invention of the amended claims. 
Therefore, Applicants suggest that this rejection is untenable and should be v^ithdrawn. 



CONCLUSION 

In view of the foregoing amendments and remarks, it is respectfully submitted that the 
present application is in condition for allowance and early notice to that effect is hereby 
requested. If the Examiner has any comments or proposals for expediting prosecution, please 
contact the undersigned attorney at the telephone number below. 



Respectfully submitted, 
Koji TESHIMA et al. 

By: ^JL ^ 

William R. Schmidt, II 
Registration No. 58,327 
Attorney for Applicants 

WRS/lc 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
June 18, 2008 
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ATTACHMENTS 

1 . Economidou, D. et al., "Effect of novel nociceptin/orphanin FQ-NOP receptor ligands on 
ethanol drinking in alcohol-preferring msP rats", Peptides, 2006, vol. 27, pp. 3299-3306. 
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Activation of the NOP receptor by the endogenous ligand nociceptin/orphanin FQ (N/OFQ) 
reduces alcohol consumption in genetically selected alcohol-preferring Marchigian Sar- 
dinian (msP) rats. The present study evaluated the effect of three newly synthesized 
peptidergic and one brain-penetrating heterocyclic NOP receptor agonists on alcohol 
drinking in the two bottle choice paradigm. MsP rats were intracerebroventricularly 
(ICV) injected with the NOP receptor agonists OS-462 (0.5 and 1.0 jxg). UFP-102 (0.25 and 
1.0 M,g) or UFP-112 (0.01 and 0.05 \ig), or with Ro 64-6198 (0.3 and 1.0 mg/kg) given intraper- 
itoneally (i.p.) and tested for 10% alcohol consumption. Results showed decreased alcohol 
consumption after treatment with all three peptidergic NOP receptor agonists (OS-462, 
UFP-102 and UFP-112). OS-462 (at the 1.0 jig dose) and UFP-102 (at the 0.25 jig dose) induced 
a significant increase in food intake as well. Surprisingly, Ro 64-6198 was ineffective at the 
0.3 mg/kg dose, whereas it increased ethanol and food consumption at the 1.0 mg/kg dose. 
Pre-treatment with the selective ii-receptor antagonist naloxone (0.5 mg/kg, i.p.) reduced 
these effects of 1.0 mg/kg of Ro 64-6198. These findings confirm that activation of brain NOP 
receptors reduces alcohol drinking in msP rats and demonstrate that OS-462, UFP-102 and 
UFP-112 act as potent NOP receptor agonists. On the other hand, Ro 64-6198 increased 
alcohol drinking, an effect probably induced by a residual agonist activity of this compound 
at ^-opioid receptors. Overall, the results indicate that OS-462, UFP-102 and UFP-112 may 
represent valuable pharmacological tools to investigate the functional role of the brain N/ 
OFQ system. 

© 2006 Elsevier Inc. All rights reserved. 



1. 



Introduction 



Nociceptin/orphanin FQ (N/OFQ), the endogenous ligand for 
the NOP opioid receptor, previously referred to as ORL-1 or OP4 
receptor [31,44], is known to be structurally related to the 
opioid peptide dynorphin A [32,33,45.46]. However, N/OFQ 
does not bind to MOP, OOP or KOP opioid receptors, nor do 
opioid peptides activate the NOP receptor [45,46]. In contrast, 
N/OFQ activates with high selectivity the NOP receptor [45], 
eliciting intracellular responses with the same intracellular 



mechanisms as classic opioid receptors [45]. Interestingly, 
however, N/OFQ has been found to act in the brain as a 
functional antiopioid peptide by blocking opioid-induced 
supraspinal analgesia or morphine -induced conditioned place 
preference [6,34,35,38,39]. 

Brain mapping studies have revealed a neuroanatomical 
distribution of N/OFQ and the NOP receptor different from that 
of other opioid peptides and receptors [1,8,16,21,37,40,47]. A 
wide distribution of this peptidergic system has been found in 
various corticomesolimbic structures, including the amygdala. 



* Con^esponding author. Tel.: +39 0737 403321; fax: +39 0737 630618. 
E-mail address: daina.economidou@unicam.it (D. Economidou). 
0196-9781/$ - see front matter © 2006 Elsevier Inc. AU rights reserved. 
doi:10.1016/j.peptides.2006.09.007 
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the bed nucleus of the stria terminalis and various fronto- 
cortical areas. Interestingly, such brain areas are known to be 
involved in the regulation of the motivational properties of 
drugs of abuse [14,28,50] and an important involvement of the 
N/OFQ-NOP receptor system in the control of reward and drug 
abuse processes has been now well established [5]. For instance, 
pre-treatment with N/OFQ blocks ethanol-, morphine- and 
cocaine-induced conditioned place preference [4,6,29,39] and 
reduces ethanol intake in genetically selected Marchigian 
Sardinian alcohol-preferring (msP) rats both in the two bottle 
free-choice and operant self-administration paradigms [4,7]. 
Finally, microdialysis studies demonstrated that central 
administration of this peptide significantly attenuates the 
increase of extracellular dopamine (DA) induced in the nucleus 
accumbens (Nacc) after administration of cocaine or morphine 
[12.30]. 

Because of the well documented role of the N/OFQ-NOP 
receptor system in drug and alcohol reward as well as the ability 
of this opioid peptide to exert its effects without activating 
classic opioid receptors (MOP, DOP and KOP), great interest is 
presently devoted to the development of novel NOP receptor 
agonists with favorable pharmacodynamic and pharmacoki- 
netic properties such as brain permeability following peripheral 
administration. Recently, several peptidergic NOP receptor 
agonists as well as one non-peptidergic brain -penetrating 
NOP receptor agonist, Ro 64-6198, have been synthesized [49]. 

The purpose of this study was to evaluate the effect of three 
newly synthesized peptidergic NOP receptor agonists (OS-462, 
UFP-102 and UFP-112) and of the brain penetrating agent Ro 
64-6198 on home-cage voluntary ethanol drinking in msP rats. 



2. Methods 

2.1. Animals 

Male genetically selected alcohol-preferring rats were used. 
These rats were bred in the Department of Experimental 
Medicine and Public Health of the University of Camerino 
(Marche, Italy) for 50 generations from Sardinian alcohol- 
preferring (sP) rats of the 13th generation, provided by the 
Department of Neurosciences of the University of Cagliari 
[15,17]. These animals are referred to as Marchigian Sardinian P 
(msP) rats. At the time of the experiments, their body weight 
ranged from 400 to 450 g. The rats were housed in a temperature 
(20-22 ^C) and humidity (45-55%) controlled vivarium on a 
reverse 12-h light:12-h dark cycle (lights off at 9:00 a.m.). Rats 
were offered free access to tap water and food pellets (4RF18, 
Mucedola, Settimo Milanese, Italy). All procedures were con- 
ducted in adherence with the European Community Council 
Directive for Care and Use of Laboratory Animals. 

2.2. Surgical procedures 

For intracranial surgery, rats were anesthetized by intramus- 
cular injection of 100-150 jxl of a solution containing 
tiletamine hydrochloride (58.17 mg/ml) and zolazepam hydro- 
chloride (57.5 mg/ml). A guide cannula for injections into the 
lateral ventricle was stereotaxically implanted and cemented 
to the skull. The following coordinates, taken from the atlas of 



Paxinos and Watson [43], were used: antero-poster- 
ior = -1.0 mm with respect to bregma, lateral = 1.8 mm from 
the sagittal suture, ventral = 2 mm from skull surface. 

For ICV administration, compounds were injected through 
a stainless-steel injector protruding 2.5 mm beyond the 
cannula tip. Experiments began one week after surgery. 
Cannula placement was verified before the experiment by 
ICV injection of 100 ng of angiotensin II. Only animals that 
showed a clear dipsogenic response (at least 6 ml of water in 
5 min) were used for further testing. 

2.3. Drugs 

The NOP receptor agonist OS-462 (N-a-6-guanidinohexyl-3,5- 
dimethyl-ltyrosyl-L-tyrosyl-N-[(R)-l-(2-naphthyl)ethyl]-L-argi- 
ninamide, MW = 823) corresponds to Example 25 of the 
European Patent [22,25,42] and was provided by Nippon 
Shinyaku, Co. Ltd., Kyoto, Japan. The NOP receptor agonists 
UFP-102 ([(pF)Phe4,Argl4,Lysl5]N/OFQ-NH2, MW=2725) and 
UFP-112 ([(pF)Phe4Aib7Argl4Lysl5]N/OFQ-NH2, MW = 2738) 
were generously provided by Dr. Remo Guerrini of the 
Department of Pharmaceutical Sciences, University of Ferrara, 
Italy. Ro 64-6198 was kindly provided by Hoffmann-La Roche 
(Basel, Switzerland). Naloxone was purchased from Tokris 
(Cookson Ltd., UK). 

Ro 64-6198 ((lS,3aS)-8-(2,3,3a,4,5,6-Hexahydro-lH-phena- 
len-l-yl)-l-phenyl-l,3,8-triaza-spiro[4.5]decan-4-one, 
MW = 438.017) was dissolved in a solution containing 10% 
DMSO, 10% Tween-80, 80% distilled water and administered 
intraperitoneally (i.p.) at a volume of 1 ml/kg. Naloxone was 
dissolved in distilled water and was given i.p. at a volume of 
. 1 ml/kg. All other NOP receptor agonists were dissolved in 
sterile isotonic saline and injected ICV in a volume of 1 

2 A. Experimental procedure 

At 3 months of age, msP rats were selected for ethanol 
preference by offering them free choice between water and 
10% ethanol (w/w) 24 h a day for 15 days. Water and ethanol 
were available in graduated drinking tubes equipped with 
metallic drinking spouts and fluid was measured by reading the 
volume consumed from the graduated burettes. Food intake 
was measured by weighing the food containers and taking into 
account spillage. Ethanol, water and food intakes are expressed 
as g/kg to reduce the influence of differences in body weight. 

The rats used in the present experiments all showed 24 h 
ethanol intake of 6-7 g/kg with ethanol preference [ml of 
ethanol solution/ml of total fluids (water + 10% ethanol) 
ingested in 24 h x 100] greater than 90%. Rats were given free 
access to ethanol, water and food for 24 h/day until a stable 
baseline alcohol intake was established. Subsequently, etha- 
nol availability was restricted to 30 min/day for animals 
treated with OS-462, UFP-102 or UFP-112 and to 60 min/day for 
animals treated with Ro 64-6198. Ethanol was made available 
at the beginning of the rats' dark phase (9:00 a.m.). All animals 
were habituated to the experimental procedure by receiving 3- 
4 i.p. or ICV injections before initiation of the experiments 
(pre-treatment period). All experiments were carried out 
according to a between -subject design, in which each group 
of rats received a single dose of a single compound. 
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2.4.1. Effect of suhchronk ICV treatment with OS-462 on 
voluntary ethanol intake in msP rats 

Rats with similar baseline ethanol intake during the pre- 
treatment period (3 days) (n = 22) were divided into three groups 
(n = 7-8). Animals were then treated ICV for 6 consecutive days 
with OS-462 (0.0, 0.5 or 1.0 ^g/rat). The drug was administered 
10 min before access to ethanol using separate groups of rats for 
each dose. Ethanol, water and food intake was measured for 
30 min after access to ethanol After completion of the drug 
treatment, ethanol, water and food intake was measured for 
another 3 days during which time all animals were injected ICV 
with saline (post-treatment period). The doses employed for 
this experiment were chosen on the basis of previous data on 
the effects of this peptide on food intake [13]. 

2.4.2. Effect of subchronic ICV treatment with UFP-102 on 
voluntary ethanol intake in msP rats 

MsP rats (n = 23) were divided into three groups (n = 7-8) with 
similar baseline ethanol intake during the pre-treatment period 
(3 days). At this point and for 6 consecutive days animals were 
ICV treated, 10 min before access to ethanol, with UFP-102 (0.25 
or l.Ojig/rat) or its vehicle (controls), respectively. Ethanol, 
water and food intake was measured for 30 min after access to 
ethanol. After the end of the treatment, intakes were measured 
for another 3 days during which all animals received ICV 
injection of saline. The doses employed for this experiment 
were chosen based on our data on the effects of this peptide on 
food intake (unpublished observations). 

2.4.3. Effect of subchronic ICV treatment with UFP-112 on 
voluntary ethanol intake in msP rats 

A group of msP rats (n = 21) was divided into three subgroups 
{n = 7) with similar baseline level of ethanol consumption 
during the pre-treatment period (3 days). At this point and for 6 
consecutive days animals were treated, 30 min before access 
to ethanol, with UFP-112 (0.01 or 0.05 jig/rat, ICV) or its vehicle 
(controls), respectively. Ethanol, water and food intake was 
measured for 30 min after access to ethanol. After the end of 
the treatment, intake was measured for another 3 days during 
which all animals were injected ICV with saline. 

2.4.4. Effect 0/ subchronic i.p. treatment with Ro 64-6198 on 
voluntary ethanol intake in msP rats 

To evaluate the effect of Ro 64-6198 on voluntary ethanol 
intake, rats with similar baseline ethanol consumption during 
the pre-treatment period were divided into three groups 
(n = 8-10/group). At this point, the first group of animals 
received i.p. vehicle injection (controls), while the other two 
groups received 0.3 and 1.0 mg/kg of Ro 64-6198, respectively. 
Ethanol was given 30 min after injections and ethanol, water 
and food intake was recorded for the subsequent 60 min. Upon 
completion of drug testing, ethanol, water and food intake was 
monitored for another 3 days (post-treatment), during which 
all animals received only i.p. injections of saline. 

2.4.5. EJJect o/subchronic i.p. treatment with naloxone on the 
increase of voluntary ethanol intake induced by Ro 64-6198 in 
msP rats 

A group of msP rats (n = 27) was divided into four 
subgroups with similar baseline ethanol consumption during 
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Fig. 1 - Voluntary 10% alcohol intake (g/kg) 
following subchronic (6 days) ICV treatment with: 
(A) OS-462 (0.0, 0.5 and 1.0 |ig/rat), (B) UFP-102 
(0.0, 0.25 and 1.0 M.g/rat) and (C) UFP-112 (0.0, 0.01 
and 0.05 iJig/rat) in msP rats. OS-462 and UFP-102 were 
given ICV 10 min before access to ethanol. UFP-112 was 
ICV injected 30 min before access to ethanol. Data 
represent the mean ± S.E.M. *P < 0.05, **P < 0.01 vs. 
controls. 



the pre-treatment period. At this point and for 6 consecutive 
days, animals received i.p. naloxone (0.5 mg/kg) or its vehicle 
and after 10 min received an i.p. injection of 1.0 mg/kg of Ro 
64-6198 or its vehicle, respectively. Ethanol was offered to 
the animals 30 min after Ro 64-6198 administration. 
Ethanol, water and food intake was recorded at 30 and 
60 min. Upon completion of drug testing, ethanol, water and 
food intake was monitored for another 3 days (post-treat- 
ment), during which all animals received only i.p. injections of 
vehicles. 
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Table 1 - Summary of the effects of OS-462, UFP-112, UFP-102 and Ro 64-6198 alone or in combination with naloxone on 
food and water intake in msP rats 




Treatment 



Food intake 
OS-462 (jig/rat, ICV) 

Veh 5.8 ±1.3 4.5 ±1.5 

OS-462 0.5 5.3 ±1.4 3.3 ±1.7 

OS-462 1.0 13.6 ±2.5" 9.2 ±1.2' 

UFP-102 (jig^rat,ICV) 

Veh 1.6 ±1.3 1.9 ±0.9 

UFP-102 0.25 2.9 ±1.2 7,2 ± 1.2" 

UFP-102 1.0 0.6 ± 0.4 1,4 ± 0.7 

UFP.112 (jig/rat. ICV) 

Veh 6.9 ±1.9 7.6 ±1.1 

UFP-112 0.01 9.3 ± 1.9 6.9 ± 1.7 

UFP-112 0.05 8.0 ±1.4 7.3 ±1.7 

Ro 64-6198 (mg/kg, i.p.) 

Veh 11.8 ±1.0 7.9 ±0.8 

R0O.3 8.8 ±1.9 9.2 ±1.9 

Rol.O 10.8 ±1.0 11.2 ±1.2" 

Naloxone {m^g, i.p.) + Ro 64-6198 (mg/kg, i.p.) 

Veh + Veh 13.6 ± 2.0 11.3 ±1.3 

Veh + Rol.O 15.0 ±4,0 17.1 ±3.1 

Nbc 0.5 + Ro 1.0 14.0 ± 3,1 9.4 ± 1.4 

Nix 0.5 + Veh 13.0 ±1,0 11.8 ±0.6 

Water intake -.^ ' ^1 '^^-'^ 

OS-462 (jig/rat. ICV) • ' 

Veh 0.0 ±0.0 0.0 ± 0.0 

OS-462 0.5 0.0 ±0.0 0.2 ± 0.2 

OS-462 1.0 0.0 ±0.0 0.0 ±0.0 

UFP.102(jig^rat,IC:V)' 1 

Veh 0.6 ±0.6 0.0 ±0.0 

UFP-102 0.25 0.0 ±0.0 0.1 ± 0,1 

UFP-102 1.0 0.0 ± 0.0 0.0 ± 0.0 

UFP-112 (jLg^rat. ICV) 

Veh 0.1 ±0,1 0.2 ±0.1 

UFP-112 0.01 0.0 ±0.0 0.0 ± 0.0 

UFP-112 0.05 0.0 ±0.0 0.1 ±0.1 

Ro 64-6198 (mg/kg. l.p.) 

Veh 1.1 ±0.7 0.0 ±0.0 

R0O.3 0.6 ±0.6 0.2 ± 0,2 

Rol.O 0.2 ±0.2 0.0 ±0.0 

Naloxone (mg/kg, i^p.) + Ro 64-6198 (mg/kg, i.p.) 

Veh + Veh 0.0 ± 0.0 0.3 ± 0.3 

Veh + Rol.O 0.1 ±0.1 0.0 ±0.0 

Nbc 0.5 + Ro 1.0 0.0 ± 0-0 ^ 0.0 ± 0.0 

Nix 0.5 + Veh 0.3 ±0,3 1 ;.0.1±C1 



6.9 ± 1.4 
6,2 ± 1.4 
6.6 ±1,6; 

0.7 ±0,5 
7.8 ±1.5" 

2.5 ± 1.1 

9.4 ± 1.4 

7.6 ±1.8 
9.1 ± 1.9 

11,2 ±1.1 
8,6 ±1.9 
14.0 ±1,9 

11.0 ± 1.6 
16.5 ±2.7 

11.1 ± 1,8 
13.9 ±1.4 



0.0 ±0,0 
0.0 ±0,0 
0.0 ±0.0 

0.1 ±0.1 
0.0 ±0.0 

0.0 ±0.6 

0.0 ±0.0 

0.1 ±0:1 

0.0 ±0.0 

0.0 ±0.0 
0.4±0.3 
0.0 ±0.0 

0.0 ±0.6 

0.2 ±0.1 
0.1 ±0.1 
0.1 ±0.1 



10.7 ± 2.0 
8.9 ± 1.3 
8.3 ±2.8 

5.6 ± 1.2 

6.6 ± 1.3 
2.9 ±0.9 

5.7 ± 1.5 
6.6 ± 1.4 
6.5 ±2.1 

7.5 ±0.6 

7.8 ± 1.9 
13.3 ± 1.7'' 

\ 9.0 ±1.6 
16.9 ± 2.2' 
12.0 ±2.1 
12.6 ± 1.7 



0.3 ± 0.3 
0.8 ±0.8 
0.0 ±0.0 

0.2 ± 0.1 
0.1 ±0.1 
0.1 ± 0.1 

0.7 ±0.7 
0.0 ±0.0 
0.0 ±0.0 

0.0 ± 0.0 
0.0.±0.0 
0.0 ±0.0 

0.0 ± 0.0 
0.0 ±0.0 
0.1 ± 0.1 
0.0 ±0.0 



5.9 ±0.8 

5.0 ± 1.0. 
9.6 ±1.1' 

1.1 ± 0.4 
8.0 ± 1.1" 
2.4 ± 1.2 

6.8 ±1.1 
10.6 ±0.9 
8.3 ± 1.9 

9.6 ±0.9 

9.2 ±1.9 
16.4 ± 1.8" 

9.6 ±0.9 
14.8 ± 1.5* 
12.0 ± 2.5 
12.4 ±3:3 



0.0 ±0.0 
0.2 ±0.1 
0.1 ±0.1 

0,1 ±0.1 
0.2 ± 0.0 
0.5 ±0.0 

0.0 ±0.0 
0.0 ±0.0 
0.0 ±0.0 

0.3±0i3 
0.0 ±0.0; 
0.3 ±0.3 

0.2 ± 0.2 
0.1 ±0.1 
0.0 ±0.0 
0.0 ±0.0 



4.9 ± 0.9 
6.0 ± 1.2 
7.3 ±0.9 

2.0 ± 0.8 
5.9 ± 0.8" 

2.8 ±0,9 

4.3 ± 1.3 

7.4 ±1.8 

8.5 ± 2.5 

8.4 ±1.3 
7.0 ±1.0 

15.0 ±2.6' 

11;5± 1.0 
20.3 ± 3.3' 

8.9 ±1.7 

13.1 ± 1.8 



0.0 ± 0.0 
0.3 ± 0.3 
0.1 ±0.1 

0.1 ± 0.1 
0.0 ± 0.1 
0.0 ± 0.5 

0.0 ±0.0 
0.3 ±0.3 
0.2 ±0.1 ■ 

1:3 ± 1.1 
0.0 ±0.0 
4.8 ± 2.2 

0.0 ±0.0 
0.0 ± 0.0 
0.0 ±0.0 
0.0 ±0.0 



Thirty minutes food and water intake in msP rats treated with UFP-102, UFP-112 and OS-462 injected intracerebroventricularly (ICV) or Ro 64- 
6198 (Ro) and naloxone (Nix) given intraperitoneally (i.p.). Each value represents the mean (± S.E.M.) of intake corrected for body weight (g/kg). 
Data represent the mean ± S.E.M. 'P < 0.05, "P < 0.01 vs. controls. 



2.5. Statistical analysis 

Effects of OS-462, UFP-102 and UFP-112 were separately 
analyzed by two-way analysis of variance (ANOVA) with drug 
doses as between-groups comparisons and days of treatment 
as within-groups comparisons. Effects of Ro 64-6198 alone or 
in combination with naloxone were analyzed by three-way 
ANOVA with two within-group comparisons (time and day of 
treatment) and one between-group comparison (doses). Post 
hoc comparisons were carried out by Newman-Keuls test. 



3. Results 

3.1. Effect of subchronic ICV treatment with OS-462 on 
voluntary ethanol intake in msP rats 

The overall ANOVA revealed a significant treatment effect 
(F(2.19) = 6.96; P<0.01]. As shown in Fig. lA. post hoc 
comparisons confirmed a significant difference between 
controls and animals treated with both doses of OS-462 
(P < 0.01). More specifically, treatment with the 0.5 jig dose 
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Fig. 2 - Voluntary 10% alcohol intake (g/kg) following subchronic (7 days) treatment with Ro 64-6198, ((lS,3aS)-8-(2,3,3a,4,5,6- 
Hexahydro-lH-phenalen-l-yl)-l-phenyl-l,3,8-triaza-spiro[4.5] decan-4'One) (0.0, 0,3 and 1.0 mg/kg, i.p.) in msP rats. The 
compound was given alone intraperitoneally 30 min before access to ethanol and data were recorded at (A) 30 min and (B) 
60 min. Alternatively, rats were pre-treated with 0.5 mg/kg of naloxone (N\x) or its vehicle followed by 1.0 mg/kg of Ro 64- 
6198 (Ro) or its vehicle, respectively. Also in this case data were recorded at (C) 30 min and (D) 60 min. Data represent the 
mean ± S.E.M. > < 0.05, "P < 0.01 vs. controls. 



significantly reduced alcohol intake on days 2, 3, 4 and 6» 
whereas the 1.0 \ig dose induced a significant decrease in 
alcohol consumption on days 2, 3, 5 and 6 of treatment. 
Alcohol intake returned to baseline levels during post- 
treatment period (Fig. lA). 

Overall ANOVA also revealed a significant treatment effect 
on food intake [F(2,19) = 4.8; P<0.05]. More specifically, 
treatment with 1.0 jxg of OS -462 significantly increased food 
intake on days 1, 2 and 5. Water intake was never modified by 
OS-462 (Table 1). 

3.2. Effect of subchronic ICV treatment with UFP-102 on 
voluntary ethanol intake in msP rats 

The overall ANOVA revealed a significant treatment effect 
[F(2,20) = 11.45; P<0.01]. As shown in Fig. IB. post hoc 
comparisons confirmed significant differences between 
controls and animals treated with both doses of UFP-102 
(P<0.01). More specifically, the 0.25 jjLg dose significantly 
reduced alcohol intake on days 2-6, whereas the 1.0 ^.g dose 
induced a significant decrease in alcohol consumption on 
days 2-4 and 6 of drug treatment. ANOVA also revealed a 
significant treatment effect on food intake [F(2,20) = 13.72; 
P < 0.01]. More specifically, treatment with 0.25 jig of UFP-102 
significantly increased (P < 0.01) food intake on days 2, 3, 5 
and 6 of treatment. Water intake was not altered by UFP-102 
(Table 1). 



3.3. Effect of subchronic ICV treatment with UFP-112 on 
voluntary ethanol intake in msP rats 

The overall ANOVA revealed a significant treatment effect 
[F(2,18) = 4.23; P<0.05]. As shown in Fig. IC, post hoc 
comparisons demonstrated a significant difference between 
controls and animals treated with both doses of UFP-112 
(P < 0.05). More specifically, treatment with 0.01 jig signifi- 
cantly reduced alcohol intake on days 4 and 5, whereas 
treatment with 0.05 jig of the peptide induced a significant 
decrease in alcohol consumption on days 2, 4-6. Neither food 
nor water intake were modified by UFP-112 (Table 1). 

3.4. Effect of subchronic i.p. treatment with Ro 64-6198 on 
voluntary ethanol intake in ms? rats 

ANOVA revealed an overall effect of treatment [F(2,24) = 6.98; 
P < 0.01]. Post hoc comparisons showed a significant increase 
of ethanol intake following administration of 1.0 mg/kg of Ro 
64-6198 (P < 0.01), whereas the 0.3 mg/kg dose did not modify 
alcohol consumption. In particular, as shown in Fig. 2, 
administration of 1.0 mg/kg of Ro 64-6198 significantly 
increased ethanol intake during the first 30 min of drinking 
on days 5 and 6 (Fig. 2A) and at 60 min on days 5-7 of drug 
treatment (Fig. 2B). 

Ro 64-6198 elicited a significant increase in food intake 
[F(2,24) = 11.58; P < 0.05]. Post hoc comparisons showed a 
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significant increase of food intake (P < 0.01) on days 2, 4-6 of 
drug treatment at the highest (1.0 mg/kg) dose (Table 1). Water 
intake was not modified by Ro 64-6198 (Table 1). 

3.5. Effect of subchronic i.p. treatment with naloxone on 
the increase of voluntary ethanol intake induced by Ro 64- 
6198 in msP rats 

The ANOVA revealed an overall effect of treatment 
[F{3,23) = 6.80; P < 0.01]. Confirming the results of Experiment 
3.4, post hoc comparisons showed a significant increase of 
ethanol intake following administration of 1.0 mg/kg of Ro 64- 
6198 (P < 0.01), whereas pre-treatment with naloxone (0.5 mg/ 
kg, i.p.) attenuated this effect of Ro 64-6198. In particular, as 
shown in Fig. 2, treatment with Ro 64-6198 induced a 
significant increase on ethanol consumption during the first 
30 min of drinking on days 5 and 7 (Fig. 2C) and at 60 min on 
days 5-7 of drug treatment (Fig. 2D). This effect of Ro 64-6198 
was blocked by naloxone at all time points (Fig. 2C and D). 

The ANOVA also revealed a significant treatment effect on 
food intake [F(3,23) = 1.18; P<0.05]. Post hoc comparisons 
showed a significant increase of food intake (P < 0.01) after 
treatment with Ro 64-6198 (1.0 mg/kg, i.p.) on days 4 and 5 
(Table 1) Also, in this case the effect of Ro 64-6198 was blocked 
by pre-treatment with 0.5 mg/kg of naloxone (Table 1). Water 
intake was not modified by drug treatments (Table 1). 



4. Discussion 

The results show that subchronic administration of OS-462, 
UFP-112 and UFP-102 induces a pronounced decrease in 
voluntary ethanol intake in msP rats. Interestingly, this effect 
was similar in magnitude to the one reported earlier for N/OFQ 
[4], Discontinuation of treatment with these NOP receptor 
agonists resulted in resumption of ethanol intake that 
returned to pre-treatment levels; an effect also seen with N/ 
OFQ [4]. Conversely, subchronic treatment with Ro 64-6198 not 
only failed to decrease ethanol consumption but at the highest 
dose increased ethanol intake. This effect of Ro 64-6198 was 
prevented by naloxone, suggesting, a role of ji-opioid receptors 
for this action of the compound. This result is also linked with 
data showing a very peculiar pharmacological profile for Ro 64- 
6198. In fact, while electrophysiological evidence exists that Ro 
64-6198 selectively activates a specific subpopulation of NOP 
receptors [2], binding and drug discrimination studies suggest 
that this compound has residual agonist activity at jjl -opioid 
receptors [23,44]. This latter finding is particularly relevant and 
in line with our results with Ro 64-6198. It is known, for 
example, that activation of ^.-opioid receptors by low doses of 
morphine or the selective agonist DAMGO increases ethanol 
consumption in rats [19,20,51]. In addition, it was recently 
shown that the partial ji-receptor agonist buprenorphine, 
which also binds to NOP receptors, increases or reduces 
ethanol consumption depending on whether its action is 
predominantly mediated by p. or NOP receptors, respectively 
[3]. In fact, it was shown that following administration of low 
doses (0.03 mg/kg) of buprenorphine, ethanol consumption 
increased in msP rats. This effect was completely reversed by 
pre-treatment with naltrexone. Conversely, high doses of 



buprenorphine (3.0 mg/kg) reduced ethanol drinking and this 
effect was selectively blocked by treatment with the NOP 
antagonist UFP-101 but not with naltrexone [3] . Based on these 
considerations, activation of ji-receptors by Ro-64-6198 may 
provide an explanation for the increase in ethanol intake seen 
in our studies with this compound. 

An alternative explanation for the effect of Ro 64-6198 on 
ethanol intake could also be the marked hyperphagic action 
of this NOP receptor agonist. In fact, daily ethanol con- 
sumption in msP rats is particularly high (7-8 g/kg/day) and 
even under limited access conditions it is rather consistent 
(1.5-2.0 g/kg in 60 min). The caloric intake originating from 
consumption of these ethanol doses is high and therefore, 
ethanol intake in msP rats may be particularly sensitive to 
pharmacological manipulation of feeding-related mechan- 
isms. In addition, a classical ingestive behavior phenomenon 
is the so-called ''food-associated drinking," in which an 
increase of food intake is often accompanied by a simulta- 
neously increase of water drinking, especially if dry food 
chow is used as standard meal. If food-associated drinking is 
a factor here, Ro 64-6198, owing to its potent orexigenic 
effect, could have caused a significant increase in fluid 
consumption. In this case, increased alcohol may have been 
related to the high innate ethanol preference of msP rats and 
the fact that alcohol solution is the predominant source of 
fluid in these animals (see Table 1). Nevertheless, above 
considerations are not in hne with the results obtained with 
two of the other compounds, OS-462 and UFP-102, that also 
increased feeding, albeit to a lower extent, while ethanol 
drinking was simultaneously reduced. On the other hand, 
we also showed that pre-treatment with naloxone not only 
blocked Ro 64-6198 induced increases of ethanol intake, but 
also inhibited the hyperphagic effect of this compound. As it 
was not possible to dissociate these two effects by giving 
naltrexone, the possibility that the effect of Ro -64-6198 on 
ethanol intake is the consequence of a more general 
regulatory action on feeding behavior cannot be conclusively 
dismissed. 

In addition, NOP-mediated regulation of kidney-function 
may have influenced the effect of Ro 64-6198 on ethanol 
intake. In fact, it is known that NOP agonists facilitate diuresis 
in the rat and as our animals take substantial amounts of 
fluids by drinking ethanol it is possible that drug-induced 
changes in diuresis may also result in epiphenomena such as 
increase of ethanol drinking [26]. 

There is substantial evidence that N/OFQ acts as a 
functional anti-opioid agent in the brain. N/OFQ blocks the 
analgesic effects of morphine [27,34-36], prevents the devel- 
opment of morphine-induced conditioned place preference 
[6,39] and inhibits morphine-induced DA release in the NAcc 
[12]. In addition, electrophysiological data demonstrate that 
the N/OFQ system inhibits the firing of p -endorphin cells in the 
hypothalamic arcuate nucleus [48]. These arcuate neurons 
project to the ventral tegmental area (VTA) and the NAcc, 
among other brain regions, where they interact with meso- 
limbic DA transmission and influence motivated behaviors 
[9-11,18,24], Moreover, it has been shown that 91% of tyrosine 
hydroxylase-positive cells in the VTA co-express NOP recep- 
tors and that N/OFQ can directly and indirectly (via GABA 
intemeurons) modulate (inhibit) neural activity of VTA DA 



PEPTIDES 27 (2006) 3299-3306 



3305 



neurons [31,41,52]. Given this modulatory role of N/OFQ on 
mesocorticolimbic DA and opioid activity and taking into 
consideration the important role of these systems in the 
regulation of ethanol-related behaviors, one may hypothesize 
that the N/OFQ-NOP system may reduce the motivational 
value of alcohol by modulating brain DAergic and opioidergic 
function. 

One of the main challenges for current research on the N/ 
OFQ-NOP receptor system is to generate brain-penetrating 
molecules, able to selectively bind brain NOP receptors after 
peripheral administration. Therefore, the ability of Ro 64-6198, 
a non -peptidergic brain-penetrating NOP receptor agonist [49], 
to reduce ethanol intake after peripheral injection was 
evaluated in the present study. However, unlike N/OFQ or 
peptidergic NOP agonists, Ro 64-6198 failed to decrease 
voluntary ethanol consumption, possibly because of a residual 
agonist activity at pi-opioid receptors of this compound [23,44]. 
Therefore, the results failed to confirm the typical NOP 
agonist-like effect for Ro 64-6198. 

In conclusion, the results demonstrate that, like the 
endogenous ligand N/OFQ, the synthetic peptides OS-462, 
UFP-102 and UFP-112 act as potent and selective NOP receptor 
agonists, as measured by their ability to reduce ethanol intake. 
In contrast, this effect was not shared by Ro 64-6198. These 
findings suggest that OS-462, UFP-102 and UFP-112 may 
represent valuable pharmacological tools to further evaluate 
the functional role of the N/OFQ-NOP receptor system. 
Conversely, the pharmacological profile of Ro 64-6198 does 
not seem to be superimposable with that of N/OFQ or the other 
peptide agonists tested here. Overall, the present findings 
suggest that activation of NOP receptors may represent a 
promising approach for the pharmacotherapeutic treatment 
of alcohol abuse, but that Ro 64-6198 does not appear to offer 
promise in this regard. 
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